Reports of simple pulmonary function tests in cystic fibrosis first appeared in 1954, when West, Levin, and Di Sant' Agnese showed a characteristic finding in 6 patients, aged 12-16 years, of difficulty in moving air rapidly in or out of the lungs. Cook et al. (1957) studied the lung volume in 53 patients, aged 1-31 years, and found that 810% of those diagnosed as having cystic fibrosis were found to have significant alteration in one or more of the measurements made. A further study (Cook et al., 1959) of 64 patients, aged 6-25 years, over a period of three years related clinical evaluation with results of pulmonary function studies. The vital capacity was found to be below normal in all but 10 patients and the residual volumes increased in 28. Their findings showed no obvious trend, and the authors considered that the duration of the study might have been too short. In 1963, Polgar, Chernick, and Toft reported a longitudinal study over a period of 6 months of pulmonary function in 14 children with cystic fibrosis. They concluded that extreme variability was the limiting factor in evaluating patients with cystic fibrosis by pulmonary function tests. A recent study of 20 children by Beier et al. (1966) showed a pattern of obstructive pulmonary disease, with evidence of increasing airway obstruction paralleling the increase in clinical severity. Correlation between clinical severity and individual pulmonary function tests was also found.
The prognosis in cystic fibrosis depends almost entirely on the course of the pulmonary lesion. Clinical and radiological assessment of children with cystic fibrosis attending the Queen Elizabeth Hospital shows that a proportion of those treated intensively for lower respiratory infections from an early age is free or almost free from chronic pulmon- Received March 11, 1968. ary disease. The present report concerns an attempt to correlate this clinical impression with simple tests of ventilatory capacity. Serial measurements have been used to assess patients, and will be reported in Part II of this paper. (Strang, 1959) (Jackson and Young, 1960; Jackson, 1964 The detailed results showing response to inhalation of isoprenaline in the 10 children in clinicoradiological Group I are set out in Table III .
Of the 19 remaining Grade B patients, 15 were in clinico-radiological Group II, and 4 in Group III. A comparison of the FVC and FEV1 0 shows that in only 5 did these values approximate to within 5%. In none did the FEV value show significant change after the inhalation of isoprenaline (Table IV) .
Grade C-FVC 59% of normal and below. Of the 15 patients with FVC below 59% of normal, all but 2 were in clinico-radiological Group III. The 2 patients in Group II (localized lesion on x-ray) had both had lobectomies, which would result in some reduction in lung volume. The majority of (Dayman, 1951) that in diffuse airways obstruction there may be gross narrowing or collapse of airways on expiration, and Macklem, Fraser, and Brown (1965) pointed out that the effect of bronchodilator drugs might not be detected by tests involving maximal expiratory effort. It has not been possible to demonstrate if this occurs in this group of patients, but the finding that the VC was greater than the FVC in some patients in Group III supports this view.
Strang (1960) The children were grouped according to the clinicoradiological criteria previously described. 28 were in Group I, 16 in Group II, and only 6 in Group III. The average and range for age are shown in Table VI .
Results
The results are recorded as in Part I, Grading A, B, and C on the values of FVC for each of the 3 clinico-radiological groups.
Clinico-radiological Group I-28 patients. The results of the initial pulmonary function tests were: Grade A: FVC greater than 80% in 20; Grade B: FVC 60-79% in 8; and Grade C: FVC below 59% in none.
FVC greater than 80% (Grade A) 20 patients.
Of these 20 patients, 13 had a percentage FEV1.0 within 5% of their FVC%, and at the end of the study they remained in Group I (Table VII) . The remaining 7 patients showed a greater discrepancy between their FVC and FEV1., Three (Fig. 4 (5) and (13) (Strang, 1959 (Strang, 1959) .
3-year follow-up of the 4 patients with discrepancy in these values but with FEVy1o below 80% of normal ( Fig. 4 (1 (Strang, 1959) .
3.5. (Fig. 5 (1) and (3)). Three continue to show a marked reduction in the FEVy.0 compared with the reduction in FVC (Fig. 4 (8) and (9), Fig. 5 (2) ). The pulmonary function testing on one shows no increase in volume with height, and he has developed a persistent productive cough (Fig. 4 (9) ).
Two patients with FVC between 60 and 70% have had a downhill course. One died after a subacute illness, and the other has developed a persistent productive cough with localized change on x-ray ( Fig. 6 (3) ).
Clinico-radiological Group II-16 patients (Table IX) . At the initial tests the FVC was between 60-79% (Grade B) of normal in 12 patients while in 2 it was above and in 2 below these levels.
The group as a whole showed the FEV1.0 reduced to a greater degree than the FVC, only 5 out of 16 patients having values that approximated within 5%. 11 patients have remained in Group II during the period of follow-up. 8 of these showed no change in their clinical and radiological findings, of whom 4 showed an increase in FVC and FEV.10 with increasing growth (Fig. 6 (1) , (4), (12), and (13)), and 4 showed some deterioration on pulmonary (Fig. 6 ) and the FEVy.0 approximated within 10% function testing ( Fig. 6 (2) , (5), (11), and (14)). of the FVC value in only 1 patient. 2 patients have The 3 remaining patients ( Fig. 6 (6) , (8), and (10) (Group III) . The results of respiratory infection or permanent radiological pulmonary function tests reflect this deterioration. change on x-ray. Results of pulmonary function The other 3 patients died. They deteriorated tests repeated during this period indicate that there clinically and radiologically, and this was apparent was no reduction of lung volume-the mean FVC on testing ventilatory capacity, the FEV1*0 being and FEV1*0 for the group changing very little reduced earlier and to a greater extent than the (Table XI) . FVC.
The follow-up period is admittedly short, and with the many variable factors in this disease a Clinico-radiological Group III-6 patients further period of study is necessary. (Table X) . In 3 the initial FVC was below 59%
Patients with localized disease radiologically (Group II) had a slower rate of increase in volume in relation to height, and some showed a decrease (Fig. 6) . (Table XII) . The follow-up period has not yet been long enough for certainty on this point, being on average 27 * 5 months.
In some patients forced expiration during routine testing induced paroxysms of cough, and comparison with previous results showed deterioration. It has been realized that as these patients get older they learn to suppress their cough effectively. As nonproductive cough may be the first indication of insidious infection, elucidation of this symptom is important. In other patients tests repeated during episodes of infection have helped in the assessment to treatment. These points are illustrated in the records of the following patients (Fig. 7) .
J.E., aged 9 years, attended the clinic for a routine check-up when pulmonary function tests showed that forced expiration induced paroxysms of cough. The parents then volunteered that he had been coughing on exercise for a few weeks and chest x-ray showed a small lesion at the left apex. At a subsequent attendance pulmonary function had deteriorated further. Antibiotics by aerosol and intensive physiotherapy were, therefore, given, and over the next few weeks the cough cleared and tests ofpulmonary function showed improvement.
S.K., aged 8i years, had also attended for a routine examination at which tests ofpulmonary function showed a marked deterioration from his previous values. The parents were reluctant to admit to any respiratory symptoms because of the child's general well-being, but stated that he had been producing a small amount of sputum for 2-3 weeks. Following treatment similar to J.E.'s but as an in-patient, tests of pulmonary function showed improvement. K.P., aged 9i years, was referred from another clinic for a course of intensive treatment as an in-patient, Matthews, Doershuk, and Spector (1967) and Doershuk et al. (1965) showed that a prophylactic therapeutic programme to prevent irreversible pulmonary damage could prevent progression of the pulmonary lesion for 3-7 years, and they believed that this period could be extended indefinitely for most children. Therapy which was started after irreversible damage had occurred was able to decrease morbidity and prolong lives, but slow progression of the pulmonary lesion occurred in most of them. Matthews et al. (1967) have made the only comparable observations to those described in this paper. They reported on 20 patients (aged 4-16 years) with mild pulmonary disease who were followed up for 4; years after their previous treatment had been supplemented by sleeping in a mist tent. There was no significant change in the vital capacity for the group as a whole, but the mean residual volume was more abnormal than the VC or FRC which indicated a moderate degree of hyperinflation of the lungs. (Shwachman and Kulczycki, 1958; Matthews et al., 1967; Doershuk et al., 1965) If these are plotted on one graph it will be seen that for any particular value of x (height) the FEV is highest for the normals, then I, II, and lowest for III.
There is no significant difference in the age effect in any of the 4 categories of children (i.e. none of the slopes of the fitted regression lines for the disease groups differ significantly from that of the normal children). The relevant ordering of the position of the lines shows a significant disease effect (p = 0 042).
